Background: Anemia is the biggest nutritional problem in Indonesian adolescents. One of the main risk factors is poor diet. Nutrition education as an intervention method has been shown to significantly improve healthy lifestyle and academic achievement in school-aged children. Objective: To analyze the effectiveness of nutrition education about local specific food-based balanced nutrition recommendation on the knowledge, dietary intake level, and anemia status of female adolescents. Methods: This study was a quasi-experimental research with pre-and post-test design. Eighty-three female students of the Hidayatullah Arrohmah Islamic Boarding School Malang were included as study participants. The nutrition education in the form of class counseling on balanced nutrition guidelines and healthy snacks was given for five consecutive months. Dietary consumption, knowledge, and hemoglobin level were measured before and after the intervention. Data analysis was done using paired t-test and Wilcoxon signed-rank test with p<0.05 considered as significant. Results: There was a significant difference of the protein (p=0.029) and Fe (p=0.021) intake level before and after the intervention, however, this result was not found in the vitamin C and folic acid intake. The nutritional knowledge as well as the hemoglobin level were increased significantly (p=0.001, p=0.04, respectively). Conclusions: Nutrition education about local specific food-based balanced nutrition recommendation is very effective to increase knowledge, dietary intake (protein and iron), and hemoglobin levels in female adolescents.
Introduction
Anemia is one of the biggest nutritional problems in adolescence, especially in female adolescent. Anemia affects 25-50% of the population and about 50% of pregnant ICHP women worldwide. [1] In 2011, Indonesia was ranked sixth out of 11 ASEAN countries, with approximately 22.5% of women in childbearing age affected by anemia. [2, 3] Anemia can be have many causes, including nutritional deficiencies, acute and chronic infection, blood loss, cancer, and hemoglobinopathy. [3] Anemic condition in adolescence that retain until pregnancy could increase the risk of perinatal maternal mortality, low birth weight baby, early labor and other disorders. [4] Iron deficiency anemia is the most common type of anemia in female adolescents. [5, 6] Prior studies have shown that iron deficiency is due to lack of nutritional information, such as restricted diet to get an ideal body shape and inadequate intake of fruits and leafy green vegetables. [7] Thus, increasing the awareness of adolescents to have the right and balanced diet by choosing a healthy diet and lifestyle is very importance.
Nutrition education has been shown to improve healthy lifestyles, blood iron status indicators, and academic achievement in high school students. [3, 8] Several studies have been conducted to develop local specific food-based nutrition guidelines in developing countries. [9] [10] [11] [12] This nutrition guideline is in accordance with the availability, affordability, and acceptance of food by the local community, so it provides a good opportunity to be followed and carried out on a daily basis.
Previous studies conducted in Indonesia were focused more on school students.
However, there are many Islamic boarding schools in Indonesia, especially in Malang city, as a place to both study and live a daily life and never been researched before.
Therefore, the aim of our study is to analyze the effectiveness of nutrition education about local specific food-based about Balanced Nutrition Guidelines on the knowledge level, dietary consumption, and anemia status of female adolescents in boarding school in Malang city, Indonesia.
Materials and Methods

Study Design
This study was a quasi-experimental research study with pre and post-test design performed during August to December 2017. Eighty-three female adolescents aged 16 to 18 years of Hidayatullah Arrohmah Boarding School Malang, Indonesia were incorporated in this study. The exclusion criteria were sick or in their period during the measurement day. If the respondent agreed to participate in this study, they had to hand in the signed informed consent. The study protocol was approved and registered DOI 
Measurements
Nutritional knowledge level
The intervention carried out in the form of counseling in class with information such as specific local food-based balanced nutrition recommendation, how to choose healthy food and snacks, as well as the danger of anemia for health. To know the knowledge level, we performed a multiple-choice test before and after the intervention. The score then categorized as: good, with >80% right answers; moderate, with 60-80% right answers; or bad, with <60% right answers.
Dietary intake
To measure the daily intake of respondent, 2x24 hour food recall was performed on non-consecutive days to obtain data on the types and quantities of food and beverages consumed by respondent. In addition, five days food records outside the recall days were collected to get more real consumption data. Then, the data entered into Nutrisurvey software (SEAMEO TROPMED RCCN-University of Indonesia, 2007) to estimate the daily intake of protein, iron, vitamin C, and folic acid. The proportion at risk of inadequate intake was determined using IMAPP software, and the deficit nutrients could be seen from the data on consumption level.
Anemia status
The data of anemia status was collected by hemoglobin (Hb) examination using portable digital analyzer, and categorized as anemia, if Hb <12 g/dl or not anemia, if Hb ≥12 g/dl.
Statistical Analysis
Data processing and analysis in this study was carried out using SPSS for Windows.
The data was analyzed descriptively and presented as n(% 
Result and Discussion
Nutritional Knowledge Level
Overall, the level of knowledge before the intervention was intermediate, and after the intervention, the knowledge level was mostly good and no respondent had a bad score.
There was a significant difference found between before and after the intervention (p=0.001). The characteristics of respondents according to the level of knowledge before and after the intervention can be seen in Figure 1 . We found that nutrition education was effective to increase the level of respondents' knowledge of healthy lifestyle and anemia. The results of this study were in line with
Ariyanti study (2017) conducted at Cemorokandang 1 Elementary School in Malang, showed that nutritional education could increase the level of nutritional knowledge. [13] Moreover, Kusuma study (2014) also stated that there was an effect of health education about anemia on the level of knowledge in female students of Muhammadiyah 5 High School in Yogyakarta. [1, 4] From the test results, most of our respondents did not know the normal Hb level in female adolescent so there were still many answered incorrectly. Nutritional knowledge is about the function of food to reach optimal health, including the proper daily food selection and intake to provide all the nutrients needed for a normal body function as well as the effect if the intake is deficient or excessive. The selection and consumption of DOI 
Dietary Intake
Dietary intake was analyzed on the following nutrients: protein, iron, vitamin C, and folic acid. The different between before and after intervention can be seen in Figure 2 .
For protein, before the intervention majority of respondents (66%) were in deficit (very low, medium low, and low) level. However, the protein intake was increasing after the intervention, showed by 87% respondents were in normal level. Moreover, we found a statistically significant difference of protein intake before and after intervention (p=0.029). As for iron, about 92% and 2% respondents were in very low and low intake.
However, after the intervention this number decreased to 86% and 11%, respectively.
This result was also proven by a significant difference (p=0.021).
Overall, before the intervention most respondents were in the very low intake (61%).
And after the intervention, this number got higher to 68%. However, there was no significant difference found between before and after intervention (p=0.18). Same pattern was also found in folic acid intake. Before intervention there were 98% respondents in very low intake level, and this number increased to 100% after intervention.
Similarly, no significant difference was found (p=0.903).
The significant difference of protein and iron intake before and after intervention was in accordance with prior studies. Shefaya et al., 2017) found a significant difference on protein and iron intake level before and after nutrition counseling in Teuku Umar High School students, Semarang. [16] An increase in protein intake was also found in elementary students of Cemorokandang 1 Elementary School in Malang. [13] Other study also stated that nutrition education was effective to increase iron intake on female adolescents about 15.5 mg (p< 0.001). [17] In this study, there was no effect of the nutrition education on the vitamin C intake.
This result was also found in previous study in Semarang. [16] This result could be due to respondents had an inadequate intake of fruits and vegetables which are a high source of vitamin C and folic acid. The respondents prefer snacks and fast foods rather than fruits and vegetables. Nevertheless, adequate intake of vitamin C and folic acid can help the body to absorb iron. If the intake level of protein, iron, vitamin C, and folic acid are adequate, the hemoglobin level will increase. [15] Nutrition education is very important in adolescence, to make them able to understand the importance of food and nutrition so they eager to have a healthy lifestyle. However, a longer time and strong desire is needed to change the usual habit, such as in healthy attitude and practice.
Anemia Status
Before the intervention, about 23% respondents had anemia and the rest of them (77%) was not anemic. After the intervention, the anemia proportion was decreased to 22%.
We found a significant difference of anemia status before and after intervention, means that there is a significant effect of nutrition education on hemoglobin level.
The result of this study was in line with prior study demonstrated that nutrition education was significantly increased hemoglobin level by 1.3 g/dL in anemic female adolescents at Simo 1 High School Boyolali (p<0.001). [17] Other study also suggested that hemoglobin level in anemia patients in Sukoharjo Regency was increased after treated with nutrition education. 
Conclusion
Nutrition education about local specific food-based balanced nutrition recommendation is very effective to increase the nutritional knowledge, dietary intake (protein and iron), and hemoglobin level in female adolescents at the Hidayatullah Arrohmah Islamic Boarding School, Malang.
